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•tivzm (PSGB) ttfa -S/'J^-h -#7*19 
(BSGM) 4TEOS«©t>m*>4»6ata:tifcl6lt 

Ett©*»(«ai©iia»tt. 

[BUWIl 0] mePBDOMlBAi. tJIBPgPJgg|JK:te^ 
"CWE*-. *-©««©PWS»4fcK«)i* ; i-actt« 

a t tzsmm 8 am 9 im<D¥mw%&<D%i&i;m. 

t M*B 1 1 ) fflIBi' y 3 >*fUUf Bift©ttlB ~> U 3 
>»fc»©W;&ttx 9 ?'sif*> UMI #14* 9 * > * £ 

«it«3i 8 fBis©*8f*itB©S!iiim 

tit 1 2 ] milBiSS*tti » SF6 (A 
7 9ftftft) +HB r <*<t*SS) (A 
7vttifeft) +HB r (*{b*f&) +N2 £x 

©3UW***©IBKfft. 

[IS*9 1 3 ] BiflEi' y 3 >g{t&«. 4>& < t fcmria 
HP»©l/2feU:©»3iHH6iS3n. HEi"Ja> 

E««*iBKa*br*T*i*iK:taHittK*»*>^b 

y3>a<tR©d>tt<i*>-SB©aiB*JCMP ({b^tS 

iBSS©¥^<*^g©KJ§^^. 

[IMQ6U] HUiB^pjfjRXig*. inref6iiR«^ 
ft* 9 ^>yi/r«K»kJR*i*u-r4* TC 4 F 8 + 

CO + Ar^i';?t>^lTffll,>, *>OBuSB^bB 

*«»wi>fca«[gBis-. «-©s^*«sa-rssr-cH 

yjc-ctf 5 c t ««« <t -r sm#6 9 iais©^«^s 
©SJJS^S. 

[ft^l 5] WE*-. m-©SSASStbU/cft. A 
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»{kl«t<SF8) iJWbWR(HBr) i©^SSS) 
<2 0K£Lrd^«e«X9^ + >h«m». ^© 

s **ia**r si**! 8 iB«s©*«(*^s©Si{3S* 
40 a. 
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Ai/t:«B«iw«*jeis8L» c©a«ta«i»©«*«« 

4Jgttr&fc«>K:tt, COffitt««±«:a5»lltia*jB 

a>a^tf-9Tt>a. 10 
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«c*5i»r«7- f«) 9©T*E«iBiaiHoc:< for* 

h y v?7^ ^-*ffiraH»r4©«:t)Ba*f» 

r*©BWH«c^t)-&r/h3 < r a c 1 *-;v**>r 
fr©l^«c{lB^toi*Lr}BiiSracit>ltb<ttor 20 

[0 00 4] ^Ct, «S4a»iitf^t3>** h* 
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$*-jMHTOB). 1 6 5tt*fllWfcB <HTO 
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>ystircc«usnrc»*tt : J=- , c*s. <bcar, a 

2 5 4«C>r#JHr*t. C©i^ftSBK^W<C3> 
jr^ h{C«r4*-^«r±*«Cj|5JSSr4/c«>«:tt, #U 
'>'j3>il 3 1 i*>yxf->S/y*-f FBI 3 2* 
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art*. ^srip^ffi^Bi i8tx?f>yu x 
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"^^tlS©3S$ ; &»-rc<!:JtC<ii7X^^ Ht© 
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0 0-8 5 0-C-CJnffeT, m^ESHbLT. Ht&JI 
;*©i/y3>gMbJK2£JfJfiXT*. J¥3tt7 0A~10 
OA?**. Wl<l<D&&tLXlMm$i<ti®A,Vi.>Z><D 

H&d&r z&mt vamm<tmwM*<m> cvd «b 
w*. ^ys^sHbiBtcfUr. ffe©*a^ii«*4. a*. 

tf. J/ya>fiKbll (S i N) *>MJ3>**f*<f P 10 

F (S i ON) *JBl»6C ±fc. #1 

©«Wi , C**!iWtft<. BriftNOIB (Mblt-HMb 
■OOUftSU) «>ONOjB (KfUI-afUI-llfUl 

[ooi9]-*. (ioo) n**-r*s/y3>>>i 
»&^{MHE&LTJ8i>ft:#. enfetter, m« 

CVD ({b^«tlJ£S) j£K J: 0 Uc£*SHf U 3 
>B, **i>ttS6KWIft«S«»«:j:orJIMSJMtl/fc 

y 3 >K<bJB2 Kfi*ar. # y f y 3 >jb 3 1 t-awc 20 

5 0 0 AflSCVD Ub^StflfiXS) gtcj:r)tt*»a 

sz>. «py ^>y 3>^3 ncs*a-cs6^^>^f-> 

i/UlM FB3 2&-&IC 1 5 0 0 AflgCVD «b^ 

> ^ y ■? -< pm 3 2 j?e«c > y 3 vrmlr 4 z^m? 

S. CCttt, i"J3>^bBl4<!:Lr > H3800A 

fig (700A-900A) wmwmu* (htobd 
ftt£m&&is<m®v*zfti§LMim (HTom) 30 

ifiUmZtxtcOV&Z. XUMUI (HTOIB) 

^fiS-r*^oaatt*«j8 0 o-c-cas. 

[0 02 0] «±-C. >>ij3>^i;M»e>I(C, 

v»;a>BWUi2. #yfy3>ii3i, 

'sWA F«3 2. ffWMUl (HTOIB) 4#. Of 

nt-««:Ji3^jS3ns. fcfc. cc-cb. ->y3 
>K<bjg2©^ffltc0fSsni^-ni@«: > 

3>K3 1 b*W*f">W}r4 FK3 2£©«1JB 

**©-c*fttf. «E8Wm«:K*r>Ky^';3>«3 

lmmz&mzcttixsz. ttc. ^y^ysMB 
3 1 cwmmsmia. 7**7T*f y=i>ii4t/t 

BfS.tZCti>V%Z>. £©«£«:«, V-X- F W 

a©M»ifi-cteHttssfc^b o-c. * y y a >«4 

ft*. 50 
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[ 0 0 2 1 ] C ©fltiMMbK ( H T OM) 4 ©SlffltclS 
3 7 6 0 0 A©*^? * hUiyXUm^Mb. il 

9#Jfa#3ft5. C©uy*M*->9£-?;**£l, 
■C. iSSiSMbJB (HTOIB) 4. jr>y*?>s/yi^ 
F«3 2. =J<y^y3>Ji3 1 &M(C F9Vi»*>f 
f*. fttftiMfefbH (HTOflf) 4%. CF4 + Ar 
(iSfiit 25sccm:60sccm) £ x vf-vl/V 
ttZVTtf-H? • (R I E) (C 

KM3 2&^y^y3>ll3 1*. CI 2+02 
(SSJt8 Osccm: 20sccm) *i«;f + 

fflofcuyxhAaj->?: N 0 2 4^xiurffit,>te-7 
^ ^ □Si7 , 7X7Mi«:j: *)7 v m&TZ. 

02 #M. 

[ o o 2 2 ] «±-c. i^y3>^biS2±«:« > 
ya>«3 i/f >yxf->j/y-y-f pus 2/WiaK 
{m (htoh) 4©=iti^e»^2.CiSi5*^)jS§ti 

0 3 #55. Z<D£&mWBi.Um\& Ltcis y 3 >®MbS 2 
^ffltc. — «KWS 9 0 0 AflS (8 0 0 A~ 1 0 0 0 
A) OffiUMUR (HTOH) G*W£fcm-Z>. CO 

numtm (htom) eom^oumt. msoo 

04#M. 

[002 3] m>-C. XttRHUI (HTOIB) 6 

F7-fi-; -7 * u, emmictz»M!imici>-<< 

F4 + CHF3+Ar (iifcfitfc3 3 s c c m : 2 0 s c 
cm:208sccm)O , J7i'f^ , -f3l - > , iv 
(R I E) (crtfCV »7 7 0A**»^>imil 
M 1 3 0 A*?-f F -5 * i C 

(HTO®) 4r*0. *»*>i'ltjS*ttfflU«:<l» 

ti-^> ^K^jEMicWMr -5 C i *«S * U b ». * 

mr*6^)i4<!:LT > WiaSMb® (HTOIB) 

4(cfw.-cj/y3>»ui (s i nib) 4iutt, sir 
12© x 9 f - > t ttfti u «: < i » 1 1, » ^ Pfl litt Jgr» § 
nsciitcS. ifc. J»n6HB4«:t/y3>*+!/ 
^--f F^^ KM (S i ONH) *ffl(,»n«. 

4 & y- h /< * - x > yB#©ffijgwiB t b x ffli » m 

&6tt. fya:/**!'*-* h94F« <S iONB) 
jl-C. «**(Wi«r»b3'tt*C4«:j:-o"C«H«:«l«i 

[oo24]se>{c. co-^-f f * * -*m#nmc& 
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as titcamfflRv&tH Mas y 3 swumz tm 

K. ffl>i*&BHIJI (HTOH) 

200 Atft*j&frr «. c c-cBtstimmmm ( h 
to&) 6 5 amm* 9 f wfcjrc* o . j/ y a >g{t 

»*£SF6 + HB r **» hi l/"Cfr9B9 

b. T»©^y3>£©»*ttbWB<tt-5To*<,», s 

[0025] ttl>T. — $(C0!l;L«8 0 0 A©H£©*> io 

U3>«<ui7*<k*«faa» (cvd) mm^rw. 
m&isstz. cobs. seKifita-cjBfiKsnsi®©^ 

SCitfM*!^. -f&fc^ i"J3>^bJg7©JIi* 

^7»^©^ffiiaCi* J iSifa3tx4^6r*i. 20 

C 0 0 2 6 URIC. C ©5/ y 3 >»W7 ©if § 

wiaAiitftc+^asEr-ctt^ofci-rii. §m® 
®& l «t 9 i b icsmo9"cmm b it*-<DMumm 

ti. +^K:a»iisti!i*>o/c^ , ;3vg 

<b)I7Bfig|5IBtCfct,>-CXy 7 FtK©?Ji££D5. C© 

Cittmanatfgs Ktus 0 & ( got 
©ra^f HbWfcfrofc) x y v h mm< 

ai<JJCo , CI > >o*5SSE!l'C*4. S-"J3 
>g{bJi 7 KMfeTJBJSS ft snHlfittMtftttc CVD 

f F&is-^^igrfc&S^ft-fKg&oTLilso. 
M< -> y 3 >S{bH7 Bftsxe-CBS/ y 3 >»Ui7 £ 

ffcOJI ( -> y 3 >K{bIS) £©iIJRit£+#ffi-? ts ? 

xy » h 4>«:SI-3 AiRiiat6IMl3&s 
^**£tt»>5/y=»>StffcM©»8*£C*. C©<fc5 
tc. -fi»*3*ltt*ofcxy » h 4>©JRIBI«ltKm 

*>. JftlEBi/ya^aSi^RlHKc^il^WH*? 40 

Cftftftf +»ft»S5/ya 
>fi{U^4««JBJ«t/Xy* he»tff6«ci»J:9«: 

tsc£©». x';jh#mt. iiniBiiii&xy 

*/< » 9 Ltc&tcmmiimiMbxz y » f ffr&jin 

WIK«tt«»*"J'*4*». XV » h©K»a*>J>BK 

•CZZX'jl.CTZ^t' FitfcTtf (IBP4+»a«>«: 
91) 43EFffi*«**. 

[o 02 7] ->y 3>^bJi7^ffitc. #n • 

* • ■5 p — F • tfvXfH (BPS GUI) 84 50 
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i\&mm& (cvd) ffitc-c i . 75#i mwmstf 

S. tHH&JWOfctttt. 7 0 0 -CSS. 2 0#m8* 
#H^T-C©*D!»-C*S. tfc(,»r', 8 5 0*C. 1 Oftf® 

mmnm%rrcm®bxvyu-b> BPSGigssB 
*&*-&jwc*4. mrmmm^nt bx b p s G*a 

A,/c©B. ltlM^i>aK©ttMirt>SJt(c y 7 a - pj 

mcfrhx-b*. oflwitca. c©BPSGii8affi*s 

*ffSK«c4* , cy7n-JWU'<"*©*«J:i»*«. **<3 
K«MIH*ift<rt>. HCT(/ttl>flM1IMrt©iittttt7 

iLS<tl^Pflja*s4C4©r. M^©*ia^i»r»B# 
IB^SHS-r^Sr**. BPSGJS8 4)lPflffe»^tO 

•ca^asB. bps g^8 Bii^Astb«misc»ais 

fttf. 7t«t • 5/y*-h • *7Xi (PSGK) 

• j/y*-h • #fxjn (BSGIS) «a^rfl[ 
fflL/rfcJ:^. S6tC. BPSG'KhCcMllfUKH 
TOU) 6 6%^fiSrS. CtlBaaJa^Jrfh*-;!- 

©Ji^cc j. v * > ^a#pfl < <c *©r. i/ y x h ©flJ 
*©uyxnBtt©K»*ft»r=i>* 

* h *-*©»□*»«:# -»to* t*»wr4fc8t> 
^>%^^. ao^-^oti^KB. -t©^' 

9B«ci>«^6 * 0 . **W©»«tc«*ttttll«*4 
**«fr"CB&^. lSiaK<bK (HTO«) -8 6B. « 

Alifijgjaas o o *cKTjBj«r s. Tmm<D§m* 
9!ii-c&wKg&W)*-n*vfe. *amtii.<HT 
on) 6 8B*rcMP uvzwrnwrn) mtcxwrn 

02 3#M. 

[0028] ±sm 6 (cMic»-r sxfir. ^©x 

it-cs/ y 3 >^{bJg 7 *x y » h *^t» c t < . 3 
6ia&i>-afJii&;shSBPSGig8aic©xy 5» 

©i^K. ^ya>ttffcM7©«1I«>tt6«>lc«c«J:9 

Kcc. xy»h«lucBPSGII8»8*8l8*i»J:9 

«e<«c&4l^*S. i"j3>«fUi7«lH«:xy?» h 
*3«3'<ci»fc«>K:B. J/y 3>»Uil*T*8ainMi«: 

jBfiSLttwnB^y 9 h*«a*6&<,>&ir>5©-c*tiB' 
»<»BR3tifcj/y3>a<w*a-ccMP «b^ts« 




[0029] TSMMitm (HTO&) 6 6±(C. 

* v >)v if ?7 ■< -xmzmcxc<D# vm? * huy 

BPSGB8i:3-vf->if-ri. C©Ki. i-;ft>F 
il/TC4F8+CO + Ar (jjfcfitb 1 6 s c c m : 7 
5sccm: 200sccm) £ffil>/c 'J T -f :/ • 

• (R I E) Ktx^V^U J"J 10 

3>mjg7*igSfflL/cB^T < 

[0 03 0] SWL//c>Da>^k07?:. 151 

(fefc-fS. t©BS. i-y?t>hiLtCHF3+02 
(SEfiJtB 7sccm: 13sccm) 5rffll/»/c'JTi' 

U Tttr*609±fli©*fiiMUI (HTOJS) 4# 
&ffitStt£rxy?->y£i&:b6-t±S 0 20 

IS9#Jf. 

[0 0 3 1 ] flW^^-XBOttlilHUStca-a 
fcJ/ya>mUI7*. WUMUI (HTO$) 654 
X Y vi^Wkt^<xv9*\s\-*%gX,X7 , vX-? 
Xv*ls>f?Z>. CC-C. t>gt>$7vZ-?x.y?>tf 
Zxv*>ifl3mtLXMA,tm&\t> 7S~¥ttV? 
MifrhXibh. lift. RIE (>)7ff-J 7 • J*> 

■2Ly?>if) \ti}V-Y'i3vV'^Xibi>. C©Pg. x 
?f t>hiUtSF6 + HB r <tifESib 2 0 0 cc : 
Z5cc), EA300mTorr, RFi^200W 30 

[ 0 0 3 2 ] &fc. COX7f> ^-C tt. ISIS^ttx 

^FStswKxy^^y-rsct^asin,*. •?•©«* 

tt. *tt6«*ttx tttcaflSlllffltCfetr) 
8§*. fc©W±IKWWe«i*ft< 40 

ftmmVL (wi*tti»^>i'«:*jw*aiKfiflj*» 
?>^fitc^-r-2.*^*ifi]x?^>yg©it) -ci**») 

<Riw i ccfii»«£> v- vmwomimmzmik® 

RJtrtU KiE-3< £3>* j» h • 
AF«39©r>y-*v H*H^iC&»J» i3K1sm©«3» 

g#*9-£©$Wttf£tt#X©lt¥. xjf^BE*, 

[0033] ifc. Xyft>h4SF6 + HBr + N 50 
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2£L-CN2£^«>SC<!:-C. 5^y3>»IJi7tMft 
• *-AtBK3r4IB©ISWPtt3&«|SlJ:tl>-9*9ff* 1/ 

i». Bio#ji. uy^ vmi-y2*-7x>7tL,xm 
or. r i e (yrff-j-f- 4f> -x-,*->dO fc 

<t0. ft&B{tH(HTOB) 65ti"j3>lMtB2 

c©^©xy^+> hiurt*. chf3 

+ 0 2 (8MUt6 7 seem: 13sccm). 200 
mTorr. RF«;&3 0 OW*»&ciAS'CSrS. 

[0034] ^k. ±iax » *>«crHciaastc#« 

-f*>£A*'<f5. **»t«'J> (P) i* 
^-13 0keV, F-Xilxi0 ,i cm- , 'C-{t 

(#«K»(r»l OAgfi) 4l»*-r4fc«>«:HF*© , > 
x? h^S^tf ^. 7 -,<b*^T>tx^A : 7 vfbT 
>*x^A (1%: 4 0%) ©*8SK<fi-e9xy hX7 

s/y oyyxj^ lmMzmmmz-ez,. b 

P S G^i H T 01® £ ©x y 9 V - b £151 D CCf Sit to 
*e©*fi*JI!lr»4. fiCHF^ffll^i, BPSG 
«8 »»*iW««IIPa»>6«l*«:iftWr*tHCi ?*> 
{/StlXmtlXLtl. 

[0 03 5] C©f£. ."^^d'il/'Cffiffll/yfcUyxh^ 
*->9*KSR (0 2)#I^TO7-Ti'a«^X7 

ill 3 6tCiKl»T. F-^hT*JU7rX->y 

3»l^b^tBfiSfi (CVD) ©CC-HK. BtfXS 

S (cvd) ftccr-^ic^fiSurte^. «-c»«tt* 

c©»£. »«!HWIl!«:tty> (P) x** 
=f-i3 0keV, F-Xilxi0"cm-'t^> 

aA-rs. *i>r. ^e»it»©fc«>©tp(ftxe*sr 

H-^hT*JV7TXJ/y3>«10JWUsJiSh*. c 
©»A. ^«WftI»POCl 3»©X/^*«ofc* 
E. Sfe«?«E©^fi£ti{T*S. 
Bl 2#JR. 

[0036] CCT, 7t*7r 

io©*mc»u cmp <<b¥ttttiiw) ffiKAo-r 

«K©»«5J:5«:tt4*'CCMP«fail/-Ctt*r*. 

cctb, m-ommmi ollxu, 

sc <tr«mtt*ff^L/c v-y vrwy r 3 

>»*«*«UBUfc«**Cfcas. fttf**s|RIPKJt'c 
■ciasaiSt*. H'rsSTX^i' Hik3WSi,»PlP©*B^{c 

a. ^ / < » > y > y*6 l frmkwmmtWtf&ifiu ^ 

7 )l> 5 x ABMT 5 x >5 A tc Stfi©i/ y 3 > £ jg^ 
S-Ji-itT^Sx^A • yja^, |§]®tcStfi©ffe©£ 
IS4S^L/fcT^5x-7A -ffi. T^SX-i; A • i/'J 3 
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|&«£*t/<<Kffiin<b^fi&£ft') < 8B©i«iiii)ft 

<dt)h-v ^mmumm^tcm^t. ggpsusi 

C£#-CS*. *tt£&llttfU l/Ctt. BHSMtcft*. 10 

•TSCi^-CtS. Sfc. tffiiNfeft&IIttM*BPS 

flPt/fiSSft-CLSSxl/? l-D • v-^U-2/a>S?© 
raS£lHlBi>JfiBKfc&5. 
[0037] *4I.»B:. HIPKJt*«-C+»«ff 

g (cvd) ffit?a*jgssofc#';^'j3>j&. bps 

GJg8±ec?l*W3*ifcSB^*-C*g|l/fl6«:l**-rSJ: 20 

■m*44m>rfcH«©»*WW*-c*4-. #tc. 
3>9x« i rt©sra^£*iiitoKS» , r' , «< »— © 

©m* ii l xm-vwsmmm*. vimj-r s. 
[0038] ^* y -fejuo+ + M-i/^Rcxie^ijfJBS-r 

flnATOT©<J:5&lgai 

m 1 3#BS. »-©KlSJB 1 OSM&Pift&RftM (H 
TOK) 6 6*n«ra*J:5«:. NOM1 .1 «^D»* 

NO«t«. »k-BMUi©c4*»r*. 
ecru:, serw-oauai oarawccvDaMiai* 
ttw&atu s&K*i(,vccvD»bii©affl*j»<* 
awwMwactr, mi^<ui©aiiift&4$a-f- 

■5. C©^ya^bBI©iWB» 5 0Ag£-C£>£. 40 
MUM*. 6 5 0 'CT*C©CV D ({b¥ftlffiJi*ft) &<£ 

r^asn. ±»©iMb«tt. soo-ct-c*^. 

MMblTftdtCt***. CVDWbBiL'tfcllH. 

[0 03 9] F-^hTt^T^i^Ja^B 
1 2*CVD «b¥*ltlldtft) tt»cj:->T±lWc«»» 
EXf <&. JIS8 0 0Agg (700A-9 00A) "C. 

50 o'CT-ccvD^fiS-rs. y>(P) -{*>*k- 

7*S1. 4X1 0"cm-*£tf. 

ZUVziymi 2g<ffl(C. 1/2** M£9 3 iifcfiJ&fiW SO 
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[ 0 0 4 0 ] C 9 LT^fflitoWBfiRStlfcUJ** hfltQ 

3^. as©? * h yawKriiasiiiJhAiwta^ «t 

HI 6#JR. fc^X. iriB^f-->^$nfcU2**h 
B9 3£v**£l,Tffll». RIE ( 'JT^? - -* 7*-f ir 
>lv?>y) StCiof H-^hT*^ yX2/»J 3 
>||1 2*^jr-i>jfT*. CCDm©x»^t>HC 
tt. C 1 2 OUR) +02 (K3R) («ESit6 0 s c c 
m : 1 0 s c cm) £l/aBt>5C£#TS-5. 
T, 02 (MS) ifflWc^Xvrr^^iCj:-, 

HI 1 7 •NK. 

[0 04 1 ] #U»"C. BPSG (#a • 7**7* • 2/ 
•/*■— h • #7*) Jg8 2£/I3 1 5 0 0 A@gtc£aS 
CVD Mt^atBSSfi) ffitCTl!S[«JB^rS. CVDJB 

t£Ud£cc. ^ffi^paibo/c&tcmur y 7 d —MS 
TS. BH«»JWm£OTBPSGS»l>fc©i*. B 

■Ct>(S<r*S£l^«lS*6"C*S/li. J»*hU*4 
a«ci/&<-ct>Ai>7"n-b*©iS^K:« l PSG(y> 

• i/'J-r- h • #7*) ^BSG • 2/>J^r- h • 

#7*) £BPSG&Cttx.-CJB(,>6C 
H18#M. 

[0042]ftl>T, C©BPSGR-8 2«:t;-y hi®3 
h £T^*Hffl©£ffJIIPaU:K:;fi:W*41B7 4 

^<ffl^;©7* hyyA5f-r.>^4ff5. r&fc*. 

±mfcf&2 tltc BPS GM 8 2 ©HffiKftf 7 * hi/ 2* 
XhBfc^ffi&^JdE**. C©7* hU2**hfi£» 
3tO'CBfa©tt«^lt«:3H«l'<*-->f»* , r4. C 
^OTt?tfcU2** (HtS 1/410 ^VXJ" 

4L/-CRI E (*)7 Af> ■ x.y?ytf) {C 

«t * h / t jr-->HP»K»lt:LA:B P S GH£ 

aBRWK*»*>yi»*T*. C©BR©x»* + >hi 
Ittt, CF4+CHF3+Ar (SSatk 1 9 s c c 
m:24sccm:83s c cm) ^SCim 
*. . 

[0043]tt^r. 2/y3>->iAi^®©^tt)l4 
iHIMB«:«i»t i SA:a)©»-©3>**h*-;l'5 1 

t. !3ij©h7>2**f y- h (9-k«) i&mmic® 
s. c©^tc«. tt^ns^©Kn«:aHRn(c««:*-r-& 

7* KU2/X h^N'^-^^Jfe-f ii^©7* h yy>K£- 
r.y^cc-cjfJfiS-rs. C©7 * V U2*X h-'N'* 

->4v*i;£L-CR IE CJ7^f^'-/*>-i 

» j»cj:*)«i*x»^>in»*r«. c©is© 

*f*«. CHF3 + 02 + Ar (i5SSStb5 0 s c cm : 
5sccm:500sccm) %KH.*2>C tifiV^i>. 
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[ o o 4 4 ] tff mmm&mzmmzf&tz 

IWm*. 5fe-T. 6 00A©**>R (T iR) 13 

stcvd ut&fffli&&) mtcxBmz. c©i«r 
cvd («#»flW») ^fi/Wcfttr. x^?*- 

9 L £>R71S<'W7*>->7"-f- • T^X-^i^RSrffl 

*>ttr?BiS-S" 4 C t # J: •) C«t S £ I, » 5 

4. CCCVW^ffw- • T'^^IilJ, — a©;* io 

K«fco-C^»S3nSfc©-C*5. «St»r. 400A©^. 

F FR (T i N$i) 1 4£l5l8JCCVD 
«fc*»«Ji!Eft) ffiKra«B«1-5. R*B?Tf SSB 

D «fe£«*9S6> tfc£J:4:&#i9S»i&*»fiJ(3SS 
T-$>4. Cti6Ti«13iTiN||14 4©rJi©» 

jraAf 4 c t ccfcntfXtti b-ctT 9 c t areiiirc**. 

Dlli»"Cl 0 00A©>>^f >« (W«> 15£CV 
D Ub^SttBJKS) SicctMWBfiW-*. «±3*jWE 

[0045] C©mJltttt©&9tC$j$3tl 
F F©^'*--> WB^STfrPTiMrfc 
?% >yxf->R (vk i 5«ffl*»6*s«i/rL* 
sraHfcSftSTSfcatc. (wr) 15 

^ffi{C2 8 0A©i"J a^aC+f^-f h 5 4 FR ( S i 
ONR) 1 6*tMI«J5W*. J*SttTJMI*>e>©5» 30 

tt. «XvCVD ({t|t«ffifiEft) ffi*ffll>*i«J: • 
l». ^5X^CVDttJ6l6ffl-i-5©tt. R©JfflFr$£M 

[0 04 6] £C6T\ IBJHffiS^C^WI^OSffiCCte 

8rr©3>£* h*-;U5 2«H^4^B5-r53&«. SIB 
SJS«BI^bttl>CiT,6©3>** F*-A-5 1. 5 2 
rtKtBlw3h'5*P<K±BBa««liS3ti'Cl,>*. ft 
*$. C©iEilSUl©tt*4tt. ±£t,T7.«' 5 40 
R^S^Ci^-ca?*. 7Jl'5-'?A&&£RB. j»m 

V -f * U -: ^ a >CC«fc S^tt^iS c b CC < l^e&ft £ 
LTiSWS tltci><DV$> *) . tt(CUfellug&R$ttfK> 

K-7*h'>';3>, unfasten 5";im fh«*j&i>& 
cifcr*. cvd utanmaak) mc^ma^m 

t>tt3KBJd5*«S*'e**4l»9»**«**. a>**F 
^S^#-C*S^. a>** Fffitcfct,>-c g'HB^Wtc so 
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5. 7* 5 i$ MtHRKC V D (f k¥«(ffid») £tf 

$ y >^&£t?ffl-r s©#*i6r-* 9 . 

5St»*-C©jatS**«Ol>Sffl. Efl8Wcffl«>jitf©*nB6L, 
rj&KT C©)iBr*at#T**i*iC/-C«. 

7 a -r 4 J: 9 tcR©fe#^K*K«-r 4 k©r-&* . 

u-^3>fc5SK&£c£fc*a<=>ftTi,>4©-c, 

7;u 5 - £ A£ 7 * -x 7 4 Mc J: -3 r^fiS-C^ ttBitS 

[0 04 7] fcfc. H2 0©Wcft*.X. 02 4©<fc9 
CC+ + 2 Hz ;b©^WcW < t Z> C t h T* 
S. 02 4B. H2 0K»Jt;LA:IB«W!BI."C*»). 0 

©024 (ckh*5^§ nfc$^a«, ia©^ffl'j(c{4g-r -5 

- tn&~it *>©±{c*w<-5 1» 7'L/-ci<>4©-c. 
iOffi^fc^fflttwifircaactK&a. B2.i# 

[0048] *t»r . ±w(cwmmititLmstBmM 

(?<t>mi3. Vv4 HRl 4. 

f>Ri 5) */<j»-i>yr*ia«:s;4. $fcr. f 

|j3>*t^t-fl-7^ KR1 \-VV>XY 

[0 04 9] coy? * h^^-^^^x^tv 

Xm^\ R I E (<J7*7--< 7* • • u^i') 

SKJ:0IQHI (^^>R13. 1-5 -f F« 

14. *>.y^f->Rl 5) ®^if-i>y*tf5. E 
«itm*5 3)B'Caa0 S 6KEM1©±«:bSI*I»jI: 
BibTi/y3>**i'^-f l-7-f FBI 6#^jaE3ti 
r<,>4©f. i9^t>F*f^*-?-©SI5S^E-rSiiMi 
*5*4*S. mtfNF3+Ar*SEfiJ:t3 0 0 s c c 
m: 20sccmiUIl^B, ^'ja>^+->^^ 

h v << FRi * > 9* t >Ri jr -i > if-c 

*/c> C 1 2 1 0 0 s c cm^il/Tffll* 

*©f6©*ffil/-C.B. RF/'!7-4 
0 0W, E^Jl OOmTorr. 
SI 2 2#M. 

[0050] DiTlB3]|1«fi©BM». TSU©t •» YU 
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R»Ri«jMK7*a£. $K»ffmR*R$RxRtc 

(#n - 7*^7*-^'; - */5X) R8 2£H 
££5$r/cftBPSG (sKd • • J/'J^-h 

• #?x) i®8 3*cvd iit&fmsA) mxm 
fcf&tt. ji<3B80ooa, mt&bx&miyya- 

■f*. COXgKtet,»-C. BPSGRfctt*T. HDP 10 
-S i O ('Wf^Wv- • ^vXv^Uri^aMrif 
-f K) l^iM^ZCthX^i. HDP-SiO*ffll,> 

sctas-cstttf. «T©jft"c*wc*s. -rfctot. 
BPSGSi©J:5K:. ^Bfcre&t1n?ilEffl*ftl*.* ! #B 

•S. HDP-S i OR£l ym±fittfU :/?Xv8Kfc 
00 0A««»fiS-r-5. CCD?*. Ctt6*fe$iR©.t 
*>?>i3fig±-C8 00 0A^*S-CCMP ({t^«W5F 
g)!?^-;?^^. HDP-SiOF 

SCitcfcln COJg^Ktt. jg©^H$;WiKftS© 
t?. JblS©HDP-S i O^C^SfCjn^r. iEglift 

©ER& ommittott mm ?nxi-j (tss:^) 
[oo5i] c©&. eajB%^ai/-cTvsttui£S 

£ LTffl^fcjlft©? * h y yxilfc i-D-ctf fc*.ti <fc 

r. CF 4 + CHF 3+A r ^SriJfEfitb 2 0 s c cm : 1 
4sccm:425s c c mKtffl^R IE OJTf 

f^.^>-i»? i >d') Jet*. 

[0 05 2] C5LXX%tc?>Zi> h^-JWSW 
m$*l7cBPSG)S8 3 (7bSHDP-S i OH) m 
BK. ±|GWItm«±lBtt*^lS , rS. 5t-T5 0 0 
k<b**yr4 Vv-i h'R (T i NR) 1 74CVD 
«t*«lfflB») ffiKTtMHBfiW*. &t»"C. C©T 
iNRl 7(C*fc-C3 00 0A©*O£'X^>R (W 
R) 18*CVD©CT»RiBfiM-S. ^Btt»Jf5^§ 40 
hfc C*l 6 2 ®tt7* hUS>X Yrt*-ls*-7X>;bb 
T jlft© V * h y V ^ * - - > y IgK L /c# TV* * 
-->^SIaS. ^>~->yttR I E ( VTtrf-i? 

fftto*. (W) *Di^^K 

*tOTNF3 + Ar (SSfitb3 0 0 s c c m : 2 0 s c 
cm) t1t9*>t<( h 54 K (T i N) R© 

x^^fcttl/CC 'l 2 100sccm4fflW. 
RFA9-400W. E^jl 0 OmTo r r. C*>l>X 50 
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Xittc*$ y*4 F (T i N) /* 
(W) ©fHR^*-> : &fc£ i 5<fc5{CBPSGR8 4 

■CBPSGR8 4«r'j7n--r5„ C©BPSGR84 
fcHDP-S iOR'Cft*.*C4*»'C*. *©RHCtt« 
«JUfiWCJ:*JMW«ftlJLrfl6ti*. HDP-SiOR 

■c. @Ta©Ri?s-ccMP uvpammm s.9*>< 

[0 05 3] COBPSGR Oi£HDP-S 

iOR) 8 4*K3>jH»h*-;HfeRW6. ±ifiBP 
SGR8 3rtKRtffc3>* * h*-iWD»RiaiH 

*E«*t»tt»aOTil/3i^A3R^*R'C*»). *>< 

y^")^ifK.^-3XJfm$tli>l^±. 3>5fd7h*-Jl/ 

h*-Jl/©^tt-€-©fc©?:*AU^i>3c#©/cJ*K: 
X*T * C t *>sMI"C*5. C©*-;i*«3fe«©76rtt 
tt. 1^185 6-9 0 52 5#fi«fc:»j<Stl4£fcO 
"C**. C©5^^*®&SU8(,fc*B£. 3E#14x 
^^xgJco^Tti:? i>fb*3R7> j ex$A+:7 ? 
ffcT>*-$A©fi£*K:J:S'5>X7 Hi7?>y. R 
#tti5'?:>i'IgfC-OC>T«CF4+CHF3+A r 
(ffifitt 19sccm: 24sccm: 83sccm) 
?:ffll»ft:R I E OJTZf-j? ■ 4*> ■ x.v*Zs>f) 

[0 0 5 4] $6iC. C0BPSG1 (7bMHDP-S 
i OR) 8 4^ffiCCHjSL&l f »T^;-^^iaSt*fi 
«:X^9 $ 'J >^fiSL/>'^-->y-rS C it?fi±JB 

a«c i%©i^y ^^^^j&fcfc©*", r^iifA-i/ 
"j3>-af, ^u—> 3 >i?©ai^j${cb/cASo 

rRJMl»titfJ:l>. 

[0055] tt±*5. DR AM©i3^XfI*. «t#tc. t 

«^R»RT**. <bC5f. *«W»W±©DRAM 
©S85§Xff{C|!g5£§ti4Ci%< > fbODKIBft^^flcR 

tu^nyjW^x, 7*n * » jftum 6ti«c 
t». SSfc. £Lt<DH£X80Rlfe^tt-Ctt. h 
m&VCftbXt-K-vv-fb-tc-al/Z* h*-Jl/©M 
PtRO±«frttMLTl>**«. H*-**iR 

7 7"-rs©*^igy- hm@-c*-ptfc 

-e©ffe. WRRKRKRMr SlS^B7!)Mfl!l©te 
[0 05 6] 

[!6W©^m] *»WKJ:ft« % *»lel8S ( 1 C. LS 
I) «c^©a|£jWttl«rt'C. W***Al/r»BSSii 
5 ffilNR4l 4 ft ©HMMIWI *«R-r * te»R W 6 ti 6 R 
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[005 7] iOI^IBtCB. TJgiSSJIfc&CftgK:* 
-;<— 5 v 7"3 <fc 5 i 0 fct!£K:£ 0 S&T#©f2M 

m&TmvtmmnmEmmz&mzcttf-c** pi 
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(57) [Abstract] 

overlap designating contact hole in order to connect top and 
bottom wiring layer in the semiconductor device to electrical 
mutually as substrate step , when aperture it does, with or 
other technique which manufactures to etchant recipe which 
planarization does etching stop layer surface ,in spite of 
substrate step production technology . of semiconductor 
device which open window does the contact hole leaving 
residue to this step vicinity without 



Claims 

[»IMI#<DM51I] 
[R** 1] 



[C!aim(s)] 
[Claim 1] 

Alienating mutually in substrate surface , step and second step 
of first which possesses sidewall which is formed, consists of 
silicon oxide film in side face and, 

Portion of edge overlap doing in upward direction of any at 
least one of theaforementioned first , second step , and 
aperture which is penetrated to theaforementioned substrate 
surface with region which was put between to said first , 
second step and, 

You covering aforementioned first , second step surface in 
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WEi/Ua^afcKcDSffilc./KP-^x^- 
S/'J*— h-#5*K(BPSG 5/'J 
^r— r~**5X«(PSG BD^P-v'J^-h-*^ 
*Hg(BSG K)£ TEOS m<D + * & »* *ifc*M» 

■Cfe*M#« 1 Ett0¥«{*S1K. 

[11**8] 



outside aforementioned aperture , semiconductor device . 
which possesses silicon nitride film which becomes, 
theaforementioned first , second step and surface connecting 
gently at same timein aforementioned aperture inner wall , 
with side face of said first , second step forms 
theaforementioned aperture inside surface 

[Claim 2] 

As for aforementioned silicon nitride film , semiconductor 
device . which is stated in the Claim 1 which at least 
possesses thickness of 1/2 or more of theaforementioned 
opening width 

[Claim 3] 

Applying forming conductive film which is extended from 
aforementioned aperture inner wall to outside aforementioned 
aperture , semiconductor device . which it statesin Claim 1 
which becomes 

[Claim 4] 

semiconductor device . which is stated in Claim 3 where it 
designates theaforementioned conductive film as storage 
electrode , it applies to order to said conductive film forms 
capacitor insulating film and counterelectrode film and 
becomes 

[Claim 5] 

semiconductor device . which is stated in Claim 1 where 
plural it possessesaforementioned aperture , uses 
aforementioned conductive film with aperture of first at same 
time designates aforementioned conductive film as capacitor 
with second aperture as bit line 

[Claim 6] 

As for aforementioned first , second step , semiconductor 
device . which is stated in each gate electrode and Claim 1 to 
5 which consists of top of said gate electrode and the silicon 
oxide film which surrounds side face 

[Claim 7] 

By surface of aforementioned silicon nitride film , boro * 
phospho * silicate * glass film (BPSG film ) with phospho * 
silicate * glass film (PSG film ) with boro * silicate * glass 
film (BSG film ) with insulating film which is chosen from 
midst of TEOS film is applied is formed, semiconductor 
device . which is stated in Claim 1 where surface is essentially 
flat 

[Claim 8] 

In substrate surface , alienating mutually, sidewall which 
consists of the silicon oxide film in side face step of first 
which possesses insulating film inpossessing and top and step. 
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where second step is formed 

step, where silicon nitride film is formed oh aforementioned 
first , second step 

Exposing aforementioned substrate surface in region which 
was put betweenwith to step and second step of 
aforementioned first , way theaforementioned silicon nitride 
film surface and aforementioned first , second step surface 
connect gently atsame time on bottom end aspect, at same 
time portion of the side face portion of edge contacts upward 
direction of any at least one of theaforementioned first , 
second step , anisotropic etching doing from aforementioned 
silicon nitride film surface , manufacturing method . of 
semiconductor device which possesses step which provides 
aperture 

[Claim 9] 

In order after aforementioned silicon nitride film formation 
process , in surface of theaforementioned silicon nitride film , 
boro * phospho * silicate * glass film (BPSG film ) with 
phospho * silicate * glass film (PSG film ) with boro * silicate 
* glass film (BSG film )with insulating film which is chosen 
from any of TEOS film , for the surface to become flat , 
manufacturing method . of semiconductor device which is 
stated in Claim 8 which it is applied is formed 

[Claim 10] 

side face of aforementioned aperture , in aforementioned 
aperture bottom both both of aforementioned first , second 
step manufacturing method . of semiconductor device which 
is stated in Claim 8to 9 which designates that it contacts 
asfeature 

[Claim 11] 

While designating anisotropic etching of aforementioned 
silicon nitride film afterdescription above silicon nitride film 
exposing, as quasi- anisotropic etching , etching 
doingpositively to also horizontal direction vis-a-vis 
aforementioned substrate surface , the manufacturing 
method . of semiconductor device which it states in Claim 8 
which designates thatit does aforementioned anisotropic 
etching as feature 

[Claim 12] 

As for aforementioned quasi- anisotropic etching , SF6 (sulfur 
hexafluoride ) +HBr (hydrogen bromide ) or the SF6 (sulfur 
hexafluoride ) +HBr (hydrogen bromide ) +N2 manufacturing 
method . of semiconductor device which is stated in Claim 1 1 
which designates that it does (nitrogen ) as etchant asfeature 

[Claim 13] 

While aforementioned silicon nitride film at least thickness 
being applied beingformed of 1/2 or more of aforementioned 
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Specification 
[0001] 

[^H^0M-rsaw»sf] 

**BBI*. *«[sl»(IC,LSI)/ci:i:a)^*i*^a 



[0002] 

[ft*CD}£ffi] 



opening , etching doingpositively to also horizontal direction 
vis-a-vis aforementioned substrate surface with etching which 
is administered to aforementioned silicon nitride film as 
thequasi- anisotropic etching , it does aforementioned 
anisotropic etching or, or, manufacturing method . of 
semiconductor device which is stated in Claim 8 which 
designatesthat at least surface of portion of aforementioned 
silicon nitride film isground with CMP (chemomechanical 
polishing ) method as feature 

[Claim 14] 

Aforementioned aperture formation process , anisotropic 
etching doing aforementioned insulating film ,until 
aforementioned nitrided film exposes, it uses C4F8+CO+Ar 
as etchant backward description first , second step which at 
same time until theaforementioned nitrided film exposes 
exposes, manufacturing method . of semiconductor device 
which isstated in Claim 9 which designates that it does with 
anisotropic etching whichuses CHF 3+02 as etchant as 
feature 

[Claim 15] 

After aforementioned first , second step exposes, 
manufacturing method . of semiconductor device whichis 
stated in Claim 8 which possesses step which anisotropic 
etching doesaforementioned nitrided film of remainder with 
mutual flow ratio sulfur hexafluoride (SF6 ) with hydrogen 
bromide (HBr ) making use of etchant which becomes 7% < 
(flow of hydrogen bromide (HBr )): as (sulfur hexafluoride 
(SF6 ) with hydrogen bromide (HBr ) with total flow ) <20% 
including, exposes aforementioned substrate surface 

[Claim 16] 

hydrogen bromide (HBr ) gas of 90% or less of gas flow 
entirety and sulfur hexafluoride of 1 0%or more (SF6 ) or 
nitrogen tri fluoride (NF3 ) or making use of mixed gas which 
includes the carbon tetrafluoride (CF4 ), quasi- anisotropic 
etching etching method . which is stated in Claim 1 1 which 
designates thing which is done as feature 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention regards manufacturing method of integrated 
circuit (IC , LSI ) or other semiconductor device , furthermore 
detailsregard improvement of forming technology of window 
for electrode drawer. 

[0002] 

[Prior Art] 
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JSttOtfey DRAM «<D¥9{*£Bfi* ifi* 
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[0004] 

siT-ei*, si 25,m 26 sfflt%r, *u»ua* 

[0005] 

101 I±v'J=i>^xm ) 102 l4S/'Ja>Kft 
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iKKflrefcy, 131 at* 132 i*Bfni7Ku 

114li^;g^bBS(HTOM), 161 li+MK^*- 
;U(HTO Iff), 165 li«SKfl:IIB(HTO Iff), 117 

118 l*fl|E]ttltH,119 l4l/$?XM*->"e* 
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With integrated circuit (IC , LSI ) or other semiconductor 
device , usually, introducing selectively impurity into the 
semiconductor substrate surface , it forms active region , in 
order to connect this active region and other active region , 
selectively anisotropic etching doing insulating film which 
covers on this active region , itprovides window , imbedding 
electrode which contact is done, to active region and electrical 
which are exposed in window bottom inside the window , it 
does. 

[0003] 

Widely known sort DRAM or other semiconductor device in 
order that top layer wiring layer and contact itdoes with this 
exposed surface , to expose semiconductor substrate aspect 
with gap of ofextremely little of result and gate electrode 
(Regarding DRAM word line ) or other substrate wiring layer 
spacing where recently narrowing advances very, must 
provide contact hole . 

But, because contact hole with photolithography technique 
technically limit is visible even inorder open window to do, in 
combination with hole diameter itself to the gap of 
aforementioned extremely little, making small, positioning 
designating hole as gap of little, also it becamedifficult to 
form. 

[0004] 

Then, middle other bottom layer conductive layer and even 
with if, overlap doing the contact hole which should imbed 
electrode , it does not form, it does notbecome, recently, 
rather positively overlap designating bottom layer conductive 
layer and window as self-aligning , establishment of 
technology which configuration it does is sought. 

At below, conventional contact hole aperture step is explained 
in detail making use of Figure 25 , Figure 26 . 

Figure 25 reference. 

[0005] 

Figure 25 is device sectional view which explains Prior Art . 

As for in the diagram , 101 as for silicon wafer , 102 as for 
silicon oxide film , 13 1 as for polysilicon film , 132 with 
tungsten silicide film , these as for 131 and 132 gate electrode 
(word line ) is formed as thegenerally known poly side film . 

As for 1 14 high temperature oxidized film (HTOfilm ), as for 
161 sidewall (HTOfilm ), as for 165 high temperature 
oxidized film (HTOfilm ), as for 1 17 with etching stop layer , 
material was chosen with fact that etching stopper at time of 
contact hole aperture is borne as condition . 

As for 1 18 as for interlayer insulating film , 119 it is a resist 
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pattern . 
[0006] 

As for state which it illustrates, interlayer insulating film 118 
etching is donewith RIE (reactive * ion * etching ) method 
already with resist pattern 1 19 as mask . 

etching stop layer 1 17 of substrate do etching , being exposed, 
they arecircumstances which are. 

When by way, Figure 25 you refer to continuing, in order 
self-aligning a this way to form hole which is offered to 
contact skillfully, paying attention to substrate step which 
gate electrode whichconsists of polysilicon film 131 and 
tungsten silicide film 132 makes, you must do etching open 
window . 

Really, when with etching open window step , interlayer 
insulating film 118 etching is done to middleand etching stop 
layer 1 17 expresses, etching is stopped once, etchant 
ismodified compared to and etching is advanced prudently. 

Regarding this Prior Art , because BPSG film etc of silicon 
oxide film type is chosenwith reflow heating interlayer 
insulating film 1 18surface as material of interlayer insulating 
film 1 1 8 from demand which planar ization you want to do, 
choosing silicon nitride film in etching stop layer 117 
withrespect to necessity, fully to take selected etching ratio it 
has used. 

[0007] 

In order that metallization contact is done in self-aligning a 
this way in order toform contact hole which is provided 
skillfully, paying attention to the substrate step which gate 
electrode which consists of polysilicon film 131 and tungsten 
silicide film 132 makes,you must do etching open window . 

Really, when with etching open window step , interlayer 
insulating film 1 18 etching is done to middleand etching stop 
layer 1 17 exposes in surface , etching is stopped once, the 
etchant is modified compared to and etching is advanced 
prudently. 

Especially, as for place where note is necessary, it is a portion 
of slot of slit in between projection of silicon nitride film 
which was notimbedded to fully . 

In case of (aspect ratio of raised portion is high. ) where width 
of opening is narrow vis-a-vis the depth of slot of slit in 
between this projection being moreserious, incidence of ion at 
time of etching becomesdifficult. 

As a result, interlayer insulating film which enters in slot of 
slit withoutremoving problem that happens, remains. 
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slit withoutremoving problem that happens, remains. 
[0008] 

Here, etching stop layer 1 17 which consists of silicon nitride 
film is done etching prudently, but in order etching for you to 
do with reactive * ion * etching with anisotropy , becoming 
residue in depicted above sidewall side face etching do, 
remaining, itfinishes. 

Trying to remove unreasonably, when it modifies etchant 
recipe and the etching condition , it is completed and shape is 
strain with to be apossibility of putting away, result which 
lowers yield rate of the consequently semiconductor device is 
caused. 

As for details, high temperature oxidized film 114 doing, film 
reduction fear and silicon oxide film 112 which poly side film 
which is a gate electrode exposes being done, etching there is 
a problem which can designate cavity as silicon substrate 101. 

In addition, residue of above-mentioned silicon nitride film as 
for problem which remains to bottom of window which 
aperture is done,causes problem that occasion where 
afterwards it applied formed wiring layer in this window , 
cannot be done application formation of uniform thickness to 
complete pad to window side face . 

Figure 26 reference. 

[0009] 

As in the diagram , depicted above Figure 25 portion where 
same number was shaken is same material as Figure 25 . 

same Figure after vis-a-vis etching stop layer 117 
administering RIE (reactive * ion * etching ) for the contact 
hole aperture which is explained with Figure 25 , is something 
which showscircumstances, but contribution to transverse 
direction of etching which isused vis-a-vis etching stop layer 
1 17 vis-a-vis interlayer insulating film 1 18 etching shift it 
does to the transverse direction from small thing, in etching 
stop layer 1 17. 

In this way, hole which possesses deformed side face as in 
illustrationstopped being able to overlook coverage (sheath 
shape ) of conductive layer which afterthat is imbedded as 
inhibiting factor which deteriorates. 

Originating in etching rate difference at time of namely, hole 
aperture , when the uneven surface occurs in hole side face , 
partially thin only it forms conductive layer which afterwards 
is imbedded inside hole , Desire surface area portion it cannot 
guarantee contact region which touches with the silicon wafer 
surface and in hole bottommost surface becomes and 
electrical resistance of contact sectionrises and to yield rate 
which lowers performance of device develops in problem that 
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deteriorates. 
[0010] 

Like this invention , with self-aligning contact forming 
method which designates silicon nitride film as stopper of 
silicon oxide film etching , always self-aligning contact it 
does not need, silicon nitride film makesprocessing rather 
difficult for region whose conventional contact formation 
ispossible. 

for example silicon oxide film and silicon nitride film with 
same condition etching not to bepossible, because control of 
processing is made complicated, etching precision 
consequently there is a possibility of impairing reliability of 
device which isproduced. 

[0011] 

[Problems to be Solved by the Invention] 

In order above to be clear, according to conventional 
self-aligning electrode window forming technology , with 
anisotropic etching open window step the surface step of 
bottom layer conductive layer appearing, although after, layer 
being etched barrel etching * stop layer problem which 
remains as side wall is caused on bottom layer conducting 
layer side aspect the interlayer insulating film being tend to to 
remain in slit part of etching stop layer , also the problem that 
occurs cannot form aperture normally. 

[0012] 

Furthermore, with this technology silicon nitride film which is 
a stopper of oxidized film etching is needed, but formation 
precision and reliability it becomes cause whichdecreases for 
contact * hole where this does not need self * [arain ] 
♦contact . 

As for this invention, it is something which it is possible 
which solving 3 problem in Prior Art above as problem . 

[0013] 

[Means to Solve the Problems] 

Because of aforementioned problem solving , with this 
invention , configuration below for example is designated as 
means . 

With invention of first , configuration below is designated as 
the means . 

Alienating mutually in substrate surface , it is formed, portion 
of edge overlap doing in upward direction of any at least one 
of step and second step and aforementioned first , second step 
of first which possesses sidewall which consists of silicon 
oxide film in side face and being covered theaforementioned 
first , second step surface in other than inside aperture and 
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R<DB$fc»*C£*<*7**$htt<D6BP* 



theaforementioried aperture which expose aforementioned 
substrate surface with the region which was put between to 
said first , second step it becomes, At same time 
aforementioned first , second step and surface 
connectinggently in aforementioned aperture inner wall , with 
side face of said first , second step the semiconductor device . 
which possesses silicon nitride film which forms 
aforementioned aperture inside surface 

[0014] 

In addition, with second invention, configuration below is 
designated as means . 

In substrate surface , alienating mutually, exposing 
aforementioned substrate surface side wall which consists of 
silicon oxide film in side face in region whichwas put 
between with to step and second step of step, aforementioned 
first where silicon nitride film is formed to step of the first 
which possesses insulating film in possessing and top and on 
step, aforementioned first , second step where second step is 
formed, At same time in order aforementioned silicon nitride 
film surface and theaforementioned first , second step surface 
connect gently on bottom end aspect, at sametime for portion 
of side face portion of edge to contact upward direction of any 
at least one of aforementioned first , second step , anisotropic 
etching doing from theaforementioned silicon nitride film 
surface , manufacturing method . of semiconductor device 
which possesses step which provides aperture 

[0015] 

Furthermore, while designating anisotropic etching of 
aforementioned silicon nitride film after description above 
silicon nitride film exposing, as quasi- anisotropic etching , 
etching doing positively to also horizontal direction vis-a-vis 
aforementioned substrate surface ,it is possible as thing which 
does aforementioned anisotropic etching inaddition, 
aforementioned silicon nitride film is possible as thing which 
atleast thickness it is applied is formed of 1/2 or more of 
aforementioned opening . 

[0016] 

According to configuration of this invention above, without 
relating to either relief which gate electrode aspect of 
semiconductor device which fully narrowing is donemakes, 
although fully being able take selectivity of substrate oxidized 
film , inaddition in light degree to also transverse direction 
etching doing to advance the etching , without losing 
anisotropy of machine direction it to be possible aperture of 
large aspect ratio it becomes formable without leaving residue 
of stopper nitrided film to relief side face . 

Therefore, electrical contact of semiconductor material 
surface with region whose between of the projection which 
bottom wiring pattern makes is narrow, it is possible, overlap 
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tomake positively projection which bottom wiring pattern 
makes without making the size of window itself small it is 
possible to do electrical contact with microscopic region 
securely. 

[0017] 

Above, according to configuration of this invention , without 
relating to the uneven shape which gate electrode aspect of 
semiconductor device which fully narrowing is donemakes, 
although fully being able take selectivity of substrate oxidized 
film , and, in light degree to also transverse direction etching 
doing, etching velocity to machine direction fully is high, 
Because anisotropy is maintained, aperture of large aspect 
ratio it becomes the formable without leaving residue of 
stopper nitrided film to relief side face . 

Therefore, electrical contact of substrate surface with region 
whose between of the projection which bottom wiring pattern 
makes is narrow, it is possible, has and the overlap to make 
positively projection which bottom wiring pattern makes 
withoutmaking size of window itself small it is possible to do 
the electrical contact with microscopic region securely. 

[0018] 

[Embodiment of the Invention] 

Then, below you explain concretely concerning embodiment 
of this invention . 

At below, using Figure 1 -Figure 23 , you explain. 
Figure 1 reference. 

It possesses semiconductor substrate , for example (1 00) 
plane which you prepare, 10 +/- 1.5:oa-cm under heating, 
nitrogen partial pressure oxidation does surface of p-type 
silicon wafer 1, thin with800 - 850 deg C, forms silicon oxide 
film 2 of even thickness . 

thickness is 70$ - 100 $. 

Because it can form fact that thermal oxidation is chosen as 
means of oxidation , easily. 

Also application formation besides it can choose thermal 
oxidation method as the means which forms silicon oxide film 
2, making use of CVD (chemical vapor deposition ) method 
ispossible. 

Or, replacing to silicon oxide film , other insulating film 
material , for example silicon nitride film (SiN ) and it is 
possible alsoto use silicon oxy nitride (SiON ). 

In addition, generally known NO film (bi layer structure film 
of nitrided film -oxidized film ) and it is possible also 
thenecessity to be a insulating film of monolayer without, to 
use ONO film (trilayer structure film of oxidized film 

j~ j c\ — : j: i ct \ 
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-nitrided film -oxidized film ). 
[0019] 

On one hand, it used silicon wafer which possesses (100) 
plane as the semiconductor substrate , but replacing to this, 
polycrystalline silicon layer , which it accumulates with for 
example CVD (chemical vapor deposition ) method or 
furthermore it is good to single crystal even with the silicon 
layer which with such as heating and melting is converted. 

Repeating to silicon oxide film 2 of silicon wafer 1 surface , 
evenly it applies forms polysilicon film 31 with 500$ extent 
CVD (chemical vapor deposition ) method. 

Repeating to polysilicon film 31 , furthermore evenly it 
applies forms tungsten silicide film 32 with 1500 $ extent 
CVD (chemical vapor deposition method ). 

Consequently, silicon oxide film 4 is formed in tungsten 
silicide film 32surface . 

Here, high temperature oxidized film (HTOfilm ) of thickness 
800* extent (700$ - 900$ ) is adopted as silicon oxide film 4. 

film becomes thin in localized in shoulder of gate electrode , 
inorder to cancel problem that, pressure resistance becomes 
low, high temperature oxidized film (HTOfilm ) which can 
guarantee especially pressure resistance highly was adopted. 

When applying forming high temperature oxidized film 
(HTOfilm ) temperature is approximately 800 deg C. 

[0020] 

At above, from silicon wafer 1 surface silicon oxide film 2, 
polysilicon film 3 1 , tungsten silicide film 32, high 
temperature oxidized film (HTOfilm ) 4, in each case is 
formed to theeven thickness to order. 

Furthermore, here, it formed gate electrode which is formed 
to surface of silicon oxide film 2, laminated film of 
polysilicon film 31 and tungsten silicide film 32 (poly side it 
is named ) as, but as for thereason, therefore in point which 
can make metallization resistance low theadvantage is. 

Unless necessity to be supposed lower metallization 
resistance is serious if youcan ignore, replacing to 
aforementioned laminated film , it can also use the polysilicon 
film 3 1 monolayer . 

In addition, application formation start of polysilicon film 31 
can alsoform as amorphous silicon film . 

In case of this , at time of impurity introduction at time of 
source * drain formation with channeling it is profitable in 
point of the impurity being attached escape prevention . 
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amorphous silicon film which was formed, in order that 
electrical conductivity is granted, also crystalline state 
changing with heating step in order scattering to do 
impurity , becomes polysilicon film . 

[0021] 

this high temperature oxidized film (HTOfilm ) positive type 
photoresist of thickness 7600* coating formation is done in 
surface of4, by conventional photolithography process passes, 
resist pattern 9 is formed. 

With this resist pattern 9 as mask , high temperature oxidized 
film (HTOfilm ) 4, tungsten silicide film 32, polysilicon film 
3 1 dry etching isdesignated as order. 

First high temperature oxidized film (HTOfilm ) 4, selectively 
etching is done with reactive * ion * etching (RIE ) 
whichdesignates CF4+Ar (flow ratio 25sccm :60sccm ) as 
etchant . 

Next, tungsten silicide film 32 and polysilicon film 3 1 , 
selectively etching are done with high density plasma etching 
whichdesignates CI2+02 (flow ratio 80sccm :20sccm ) as 
etchant . 

After etching above ends, ashing it removes as mask the resist 
pattern which it uses, 02 as gas with microwave plasma 
treatmentwhich it uses. 



H2#gg e 
[0022] 

(hto i§)4 <D=mm&fr*te&&mmm£*i 



BBfc.-ttlcJi* 900AfIJg(800A~1000A)<7> 
igSlHtlKHTO H)6 

^<D»ffl»ftH(HTO 81)6 ©»j£B#«)fflft l* % 
ft 800 deg C "CfcSo 

H 4 #gg e 

[0023] 

mi^X. »2S»fl;K(HTO H)6 ££® K'Mx-/ 
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Z <D X v ? 1 < v 0 1* % CF4+CHF3+Ar( ffl & Jt 
33sccm:20sccm:208sccm) OU7^f 'f^^ft 
>-X^>^(RIE)lCTfTt\» 770A£x-/^ 



Figure 2 reference. 
[0022] 

At above, polysilicon film 31 /tungsten silicide film 32/high 
temperature oxidized film (HTOfilm ) it means with that 
projection which consists of tri layer structure of 4 is formed 
on silicon oxide film 2. 

Figure 3 reference. 

this projection surface and to silicon oxide film 2surface 
which is exposed, evenly high temperature oxidized film of 
the thickness 900* extent (800$ - 1000$ ) (HTOfilm ) 6 it 
applies forms. 

this high temperature oxidized film (HTOfilm ) temperature 
when forming 6 is approximately 800 deg C. 

Figure 4 reference. 

[0023] 

Consequently, high temperature oxidized film (HTOfilm ) 
entire surface dry etchback doing 6, as selectively sidewall 
film 61 it leavesto just projection side face . 

It does this etchback , with reactive * ion * etching (RIE ) of 
CF4+CHF 3+Ar (flow ratio 33sccm :20sccm :208sccm ), 
etching removes approximately 770$, it leaves approximately 
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130$ as sidewall film . 

problem that occurs by way, also material which becomes the 
substrate with head of projection after all high temperature 
oxidized film (HTOfilm ) with 4, isdifficult to detect etching 
endpoint . 

Then, devising etching time , it is desirable to control etching 
endpoint accurately. 

Or, high temperature oxidized film (HTOfilm ) replacing to 4 
as second insulating film 4, making use of silicon nitride film 
(SiN film ), problem that is difficult to detect aforementioned 
etching endpoint ,means with to be cancelled. 

In addition, if silicon oxy nitride film (SiONfilm ) is used for 
second insulating film 4, occasion whereit uses second 
insulating film 4 as low reflectivity film at time of gate 
patterning , characteristic as low reflectivity film it is control 
easy. 

Because, therefore as for silicon oxy nitride film (SiONfilm ), 
film thickness , index of refraction, when adjusting absorption 
coefficient to required number value, nitrogen content by fact 
that itchanges easily controllable is. 

[0024] 

Furthermore, projection surface where this sidewall film was 
formed to side face and to silicon oxide film 2surface which is 
exposed, evenly, thin high temperature oxidized film 
(HTOfilm ) 65 thickness approximately 200$ it applies forms. 

If high temperature oxidized film which is formed here 
(HTOfilm ) as for 65 as etchant because with generally known 
pad oxidized film , SF6+HBr it does, selectivity of the silicon 
of substrate to become low, problem that causes silicon nitride 
film removal, substrate is dug, as for application formation 
process of pad oxidized film it cannotspare. 

Figure 5 reference. 

[0025] 

Consequently, evenly it applies forms silicon nitride film 7 of 
thickness of the for example 800* making use of chemical 
vapor deposition (CVD ) method. 

this occasion, furthermore piling up, for satisfactory sheath of 
top layer which is formed, between of projection which is 
adjacent with projection of one substantially pad above being 
possib!e,choosing thickness , it is desirable to apply to form. 

Because thickness of namely, silicon nitride film 7 if width 
(Between convex pattern which word line is made in this 
embodiment ) of contact aspectwhich should form this silicon 
nitride film 7 it makes 1/2 or more at least, as for the contact 
section coming to point of with being imbedded 
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[0027] 

*6lz.5/y=i>S<bl« 7 affile. TRa-^^b 
*-5/y^-h-#5Xlll(BPSG 1R)8 £ib^S*8 
J$fi(CVD))£(ZT 1.75* maJMMSW-*. 

»»»BE^ffl*#l**700 deg CSa,20»IB 

SE^r. 850 deg C,10 #IH)&%ff HftT-Clntt 
LT'J^O— UBPSG BS 8 affi^fibAMz-r 



substantial lycompletely surface relief after silicon nitride film 
7 forming is eased. 

[0026] 

When we assume, that temporarily, thickness of this silicon 
nitride film 7 imbedsbetween projection was not to sufficient , 
second problem which is explainedwith section of problem 
which invention it tries to solve isdivulged. 

silicon nitride film 7 which was not imbedded to namely, 
fully causes slot of the slit in between projection . 

opening between this projection by comparison with depth in 
case ofquite narrow (aspect ratio between projection was 
high), also slit itself deep becoming narrow, it is moreserious. 

In this case, repeating to silicon nitride film 7, if interlayer 
insulating film which is formed isformed with especially 
CVD (chemical vapor deposition ) method, with silicon 
nitride film 7removal process where interlayer insulating film 
material enters to in slit deeply, without being removed 
remains even with contact window etching step after, 
continues silicon nitride film 7 and other layer (silicon oxide 
film ) with fully taking selectivity , etching from necessity to 
do, interlayer insulating film which remains in slit becomes 
mask and causes the residue of silicon nitride film . 

this way, interlayer insulating film material in slit which is not 
removed once doesnot produce effect which is good 
confronting complete open window after. 

You take electrical contact securely with specified surface 
area and * and others * becomeor problem that causes worst 
silicon substrate itself does not expose. 

It applies forms sufficient thickness silicon nitride film 7 as 
method which avoids this, other thanthing which it tries not to 
make slit itself, slit beingpossible, etchback after doing 
interlayer insulating film , administering reagent solution 
treatment , itremoves interlayer insulating film material from 
in slit when, in order to be able undesignate, influence of slit as 
minimum , it lowers aspect ratio and (opening in fully 
spreading taking) * there is a method . 

Figure 6 reference. 

[0027] 

Furthermore, to silicon nitride film 7surface , boro * phospho 
* silicate * glass film (BPSG film ) 8 1.75;mu m it 
appliesforms with chemical vapor deposition (CVD ) method. 

condition at time of application formation is heating under 
700 deg Cextent , 20min nitrogen atmosphere . 

Consequently, heating under 850 deg C, 10 min nitrogen 
atmosphere , reflow it does, makes the BPSG film 8surface 
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gentle. 

Therefore as for choosing BPSG as interlayer insulating film 
material , even with heatingrelatively low temperature easily 
reflow possibility is. 

Until this BPSG film 8surface becomes abbreviation flat , 
reflow heating isgood, in ideal , but thermal history being 
long excessively, electrically conductive impurity inside 
unshown active region scattering to make unnecessary, 
desired impurity profile is acquiredunless, gives thermal stress 
which good is not driven to other layerbecause problem that 
occurs, It is good to decide heating time with redundancy of 
both. 

As for reason which chooses BPSG film 8 as interlayer 
insulating film , as for the BPSG film 8 because it is a 
temperature where melting point is low relatively, whilein 
point that, holding down thermal stress low, with heating with 
thelow temperature sufficient reflow becomes possible, 
because effect which candesignate interlayer insulating film 
as flat is large. 

But, if thermal stress is process some may be large, phospho * 
silicate * glass film (PSG film ) andchoosing boro * silicate * 
glass film (BSG film ), it is possible to use. 

Furthermore, high temperature oxidized film (HTOfilm ) 66 is 
formed on BPSG film . 

Because as for this in case of deep contact hole etching time 
becomes long, side face of resist backs up. 

Receiving influence of resist shape , in order to control 
factthat opening of contact hole spreads it is provided. 

Of course, in case of shallow hole , when necessity is not 
that, it is, it is not a requisite which produces fundamental 
effect on effect of the this invention . 

high temperature oxidized film (HTOfilm ) it forms 66, with 
for example growth temperature 800 deg C. 

Receiving influence of substrate step , when it is easy to make 
the step in surface , high temperature oxidized film 
(HTOfilm ), 66 grinding by all means with CMP 
(chemomechanical polishing ) method, is possible with 
surface more as flat . 

Figure 23 reference. 

[0028] 

If with step corresponding to above-mentioned Figure 6 , in 
theshape which does not reflect recess shape of substrate on 
silicon nitride film 7 whichbecomes etching stopper after it 
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becomes application formable , there arenot times when 
silicon nitride film 7 bears slit on recess of 
substrate ,furthermore continuously BPSG film 8 which is 
formed enters in this slit and stops being being formed. 

In reason, like Figure 23 , in order for surface of silicon 
nitride film 7 tobecome smooth , if it applies forms, when 
open window doing contact hole afterwards, BPSG film 
8residue residue it will be, there are times when thenecessity 
to consider in condition adjusting such as etchant recipe stops 
being in slit . 

In silicon nitride film 7surface slit in order for there not to be 
a residue , if if the fully thickly it should have applied forms 
silicon nitride film in comparisonwith substrate step spacing 
but, above necessity thickly it does not form that the slit is not 
buried, silicon nitride film where you say and was thickly 
formed CMP (chemomechanical polishing ) afterwards or, 
entire surface can be made thin with dry * etching with 
etchback etc. 

Figure 7 reference. 

[0029] 

high temperature oxidized film (HTOfilm ) on 66, positive 
type photoresist is done entire surface coating formation . 

Consequently, as though this positive type photoresist 
patterning is done via conventional photolithography step , 
itis an illustration, it makes resist pattern 9. . 

With this resist pattern 9 as mask , first BPSG film 8 is done 
etching . 

this occasion, etching it does with reactive * ion * etching 
(RIE ) which uses the C4F8+CO+Ar (flow ratio 
lOsccm :75sccm :200sccm ), as etchant with time point which 
silicon nitride film 7 exposes, itmakes etching end. 

Figure 8 reference. 
[0030] 

Next, silicon nitride film 7 which is exposed, you use same 
resist pattern etching remove as mask . 

this occasion, etching it does with reactive * ion * etching 
(RIE ) which uses the CHF 3+02 (flow ratio 
67sccm : 13sccm ), as etchant high temperature oxidized film 
of projection top which is a substrate (HTOfilm ) itmakes 
etching end with vicinity which 4 exposes. 

Figure 9 reference. 

[0031] 

Next, in order that high temperature oxidized film (HTOfilm ) 
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65 is removed in stopper , modifying etchant , plasma etching 
it does silicon nitride film 7 which remains in gap whose 
between of projection pattern is narrow. 

Therefore here, as for reason which specially chooses plasma 
etching as etching method , anode couple is. 

Usually, RIE (reactive * ion * etching ) is cathode couple . 

this occasion, SF6+HBr (flow ratio 200cc :25cc ), it makes 
pressure 300mTorr , RF electric power 200 W as etchant . 

[0032] 

Furthermore, while with this etching , making quasi - 
anisotropic etching guaranteeing anisotropy it is desirable 
etching to do somewhatpositively to also substrate horizontal 
plane direction. 

Because as for reason, possibility where silicon nitride film 7 
remains in sidewall condition in especially projection side 
face cannot refuse with mere anisotropic etching . 

When silicon nitride film 7 etching is done with quasi- 
anisotropic etching , etching residue which until recently it 
occurs in gate electrode side face which has become problem 
with anisotropic etching , can be removed efficiently in other 
material and the high selectivity . 

When removal efficiency is decided with R ratio (Ratio of 
horizontal direction amount of etching for vertical direction 
amount of etching in quasi- anisotropic etching ) and etching 
velocity component of the transverse direction (horizontal 
direction ) is large nitrided film residue removal efficiency of 
(Extent whose R ratio is close to 1 ) gate side aspect is high. 

On one hand, when R ratio gets near to 1 , undercut of contact 
* hole interior becomes remarkable, adverse effect appears in 
application shape of the metallization material . 

Therefore, it is necessary to choose suitable R ratio control 
method is asneeded controllable with such as ratio , etching 
pressure , electric power , wafer temperature of gas . 

[0033] 

In addition, because by fact that N2 is included with the 
etchant as SF6+HBH-N2, selected etching ratio between 
silicon nitride film 7 and oxidized film becomeshigh, when 
aperture doing contact * hole , controlability improves and is 
moredesirable. 

Figure 10 reference. 

As mask using resist pattern 9, high temperature oxidized film 
(HTOfilm ) 65 and silicon oxide film 2 is removedwith RIE 
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(reactive * ion * etching ). 

this case CHF 3+02 (flow ratio 67sccm :13sccm ), it is 
possible as etchant , to choose200 mTorr , RF electric power 
300W. 

[0034] 

When next, damage compensation is done with ion impact 
which was formedto opening bottom with above-mentioned 
etching , ion implantation is done. 

In impurity ion implantation it does with amount of energy 
30keV , dose IX 10<sup>13</sup>cm <sup>-3</sup> 
making use of phosphorus (P ). 

After that, wet process of HF type is done in order to remove 
the oxidized film (Very thin 1 0 $ extent ) which is formed 
sacrifice . 

wet etching it does in aqueous solution of hydrogen fluoride 
ammonium :ammonium fluoride (1%: 40%), exposes silicon 
wafer 1 surface again. 

In order to make etching rate of BPSG film and HTOfilm 
same, the chemical of transcription is used. 

When normal HF is used, equal to BPSG film 8 part amount 
etching beingdone excessively from opening destined for side 
direction , you dig. 

[0035] 

resist pattern 9 which you use after this , as mask ashing 
isremoved in microwave plasma treatment under oxygen 
(02 ) atmosphere . 

Figure 1 1 reference. 

Furthermore continuously, with chemical vapor deposition 
(CVD ) method evenly, etching doing doped amorphous 
silicon film to with preprocessing , it covers opening surface 
which it is possible, furthermore sufficient thickness it applies 
forms. 

In order that poly silicon film is formed evenly with chemical 
vapor deposition (CVD ) method, the electrical conductivity 
is granted afterwards, you can adopt also method that adds 
impurity . 

In case of this , in electrically conductive impurity ion 
implantation it does with amount of energy 30keV , dose IX 
10<sup>13</sup>crri <sup>-3</sup> making use of 
phosphorus (P ). 

Next, passing by heating step for impurity scattering , doped 
amorphous silicon film 10 is formed. 

In case of this , impurity addition is thermal diffusion of 
ambient pressure , or the vacuum which used POC13or other 
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gas. 

Figure 12 reference. 
[0036] 

Until here, it grinds with CMP (chemomechanical polishing ) 
method vis-a-vis entire surface of the doped amorphous 
silicon film 10, wiring layer 10 is removed completely from 
flat part and only inside opening reaches point where it 
remains, CMP grinding, itremoves. 

Here, example which uses doped amorphous silicon film 
monolayer which grants electrical conductivity by thefact that 
impurity is added as wiring layer 10 of first , was shown, but 
depth it is short relatively in comparison with opening , when 
itis a aperture where generally known aspect ratio is low, only 
sputtering method the aluminum * silicon which mixes silicon 
of trace amount to aluminum to aluminum which does 
nothave actual application formation method and, Also being 
possible to use aluminum * copper , aluminum * silicon * 
copper etc which mixes other metal of trace amount in same 
way in this case, metallization to beconsiderable it becomes 
resistance-lowering possible, can contribute to the high speed 
operation conversion of device . 

In addition, when other aluminum metallization material of 
aluminum to aforementioned introductionis used, when 
titanium film and titanium /titanium nitride laminated film or 
other high melting point metallic material are used for 
opening surface , becauseyou can avoid fact that silicon which 
forms wafer 1 and the aluminum material which forms wiring 
layer contact immediately, aluminum entering in silicon , 
problem of alloy spike which destroys diffusion layer can 
beevaded. 

As high melting point metallic material , replacing to 
aforementioned example, you can use also tungsten , tungsten 
nitride , titanium tungsten , tantalum , tantalum nitride . 

In addition, by fact that aforementioned high melting point 
metallic material is formed on BPSG film 8, aluminum atom 
being electron , electro * migration or other problem which is 
washed awayit becomes also avoidable . 

[0037] 

Or, in order, to leave to portion which was pulled out 
polysilicon which once it applied formed with chemical vapor 
deposition (CVD ) method, on BPSG film 8 evenwith 
aperture of generally known large aspect ratio where fully 
depth is deep incomparison with opening other things to 
remove in order patterning todo, this polysilicon pattern to 
contact by fact that it applies forms aluminum material , 
Clean coating to inside aperture of metallization material and 
resistance-lowering of the metallization entirety it is both 
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achievements possible. 

Furthermore, in this case you can expect similar effect making 
use ofaforementioned high melting point metallic material . 

Simply, in order that you connect to active region and 
electrical inside silicon wafer 1, if disliking which formed 
wiring layer of first inside aperture * just is, it ends to 
formation of wiring layer of first through step above. 

[0038] 

Regarding capacitor of memory ceil and step which forms 
metallization ,capacitor film (storage electrode and 
counterelectrode ) with with same step , formation of bit line 
contact is done, butin this case, adding, like below a step there 
should have been. 

Figure 13 reference. 

In order wiring layer 1 Osurface and high temperature oxidized 
film of first (HTOfilm ) to cover 66 surface ,entire surface it 
applies forms NO film 11. 

NOfilm , it points to thing of nitriding -oxidized film , but 
here, first to the wiring layer 1 Osurface of first CVD nitrided 
film it applies forms, furthermorecontinuously by fact that to 
be thin steam oxidation it does surface of CVD nitrided film , 
it forms laminated structure of nitriding /oxidized film . 

film thickness of this silicon nitride film is 50$ extent . 

nitrided film can be formed with CVD (chemical vapor 
deposition ) method under 650 deg C, onone hand, steam 
oxidation doing under 800 deg C, can form oxidized film of 
the upper part „ but as CVD oxide film it is good. 

[0039] 

Consequently, doped amorphous silicon film 12 to entire 
surface it applies forms with CVD (chemical vapor 
deposition )method. 

With thickness 800* extent (700$ - 900$ ), CVD it forms 
under 500 deg C. 

phosphorus (P ) ion is included doped amount 1.4X 
10<sup>21</sup>cm <sup>-3</sup>. 

Figure 14 reference. 

This entire surface in doped amorphous silicon film 12surface 
which was formed, resist film 93 is done coating formation . 

Figure 15 reference. 
[0040] 

In this way, in order resist film 93 which entire surface 
coating formation is done, to cover juston opening with 
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conventional photolithography technology , patterning it does. 
Figure 16 reference. 

Consequently, it uses resist film 93 which aforementioned 
patterning is done patterning does doped amorphous silicon 
film 12 with RIE (reactive ion etching ) method as mask . 

this case you can use for etchant , C12 (chlorine •) +02 
(oxygen ) (flow ratio 60sccm :10sccm )as. 

Consequently, resist film 93 ashing is removed with plasma 
ashing methodwhich uses 02 (oxygen ). 

Figure 17 reference. 

[0041] 

Next, BPSG (boro * phospho * silicate * glass ) film 82 to 
thickness 1500* extent it applies forms with entire surface 
CVD (chemical vapor deposition )method. 

CVD after forming, heating because of surface planarization , 
reflow process itdoes. 

It is from an effect that it can make heating temperature at 
time of the this reflow process low even with some, as for 
using BPSG as interlayer insulating film material , the melting 
point to be low relatively, but with thermal stress as air in 
case ofgood process , PSG (phosphorus * silicate * glass ) and 
replacing BSG (boro * silicate * glass ) to BPSG ,it is 
possible also to use. 

Figure 1 8 reference. 

[0042] 

Consequently, in order that window is provided just on left 
side opening of drawing which it should make bit line contact 
in this BPSG film 82 conventional photolithography 
patterning isdone. 

namely, entire surface first photoresist film entire surface 
coating formation is done in surface of BPSG film 82 which . 
was formed. 

Exposing this photoresist film , development patterning it 
removes just desired position . 

In this way, BPSG film which corresponds to resist pattern 
opening with RIE (reactive * ion * etching ) with resist 
pattern (unshown ) which it is possible as mask is removed 
the selectively etching . 

this case CF4+CHF 3+Ar (flow ratio 

19sccm :24sccm :83sccm ) can be used as etchant . 

Figure Preference. 
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[0043] 

Consequently, contact hole 5 1 of first in order to connect 
active layerof silicon wafer 1 surface to wiring layer , second 
contact hole 52 in order to connect another transistor gate 
(word line ) to wiring layer is done aperture . 

this case, photoresist pattern which possesses selectively 
window in surface ofcorresponding portion is formed first 
with conventional photolithography patterning . 

Next, sequential etching it removes with RIE (reactive * ion * 
etching ) method with this photoresist pattern as the mask . 

this case gas can use CHF 3+02+Ar (flow ratio 
50sccm :5sccm :500sccm ). 

Figure 20 reference. 

[0044] 

Next, it moves to step which it applies forms wiring layer for 
the bit line . 

First, titanium film of 600$ (Ti film ) 13 is formed with CVD 
(chemical vapor deposition ) method. 

Replacing to CVD (chemical vapor deposition ) titanium film 
with this step , it is possible also touse sputter * titanium film 
to [haidenshitii ] * plasma titanium film . 

If it makes high density * plasma titanium film , in 
combination with contact resistance and theconnecting 
leakage to design reference , there is an effect that itbecomes 
easier to form. 

this [haidenshitii ] *plasma film is something which is formed 
with technology whichis close to bias sputtering method to 
ion plating of one kind . 

Consequently, titanium nitride film of 400$ (TiN film ) in 
same way it appliesforms 14 with CVD (chemical vapor 
deposition ) method. 

If portion which forms film to be deep is not concave, 
alsoformation is possible with sputtering method , but device 
entirety with present state which narrowing has been done 
imbedding cleanly inside microscopic recess to bedifficult, 
therefore from one is pad formation easy with CVD (chemical 
vapor deposition )method. 

As for formation of two layers of these Ti film 13 and TiN 
film 14, accordingto joining from middle continuing 
nitrogenous gas in inside same chamber , it is possible to do. 

Consequently tungsten film of 1000$ (W film ) it applies 
forms 1 5 with CVD (chemical vapor deposition ) method. 
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Or more 3 layers form wiring layer material . 
[0045] 

Furthermore, tungsten film where light which is used for 
patterning of photoresist which is formed to surface of this 
wiring layer material forms substrate (W film )high in order to 
cancel problem which is reflected, tungsten film (W film ) 
tol5 surface silicon oxy nitride film of 280$ (SiONfilm ) 16 it 
applies forms from 15 surface . 

As for thickness it is necessary to be a thickness which can 
prevent thereflection from base film . 

As formation method , plasma CVD (chemical vapor 
deposition ) method should have been used. 

Fact that plasma CVD method is used, is from effect that it is 
easy tocontrol index of refraction of film . 

[0046] 

By way, contact hole 51 and second contact hole 52 of first 
which is shown with Figure 1 9 on same Figure aspect and 
drawing after this, abbreviateillustration, but each wiring 
layer as though it is illustrated also inside contact hole 51, 52 
of unshown these, entire surface being applied and being 
formed. 

Furthermore, to choose aluminum alloy film mainly it is 
possible material of this wiring layer . 

As for aluminum alloy film , electrical conductivity is high, it 
is formation easy, during step halfway to product using being 
cut off such as is difficult to happenbeing something which is 
selected as condition with migration , to use high melting 
point metallic material and doped silicon , high melting point 
metal silicide film etc, it to be possible also in other things If 
moldable material is selected due to CVD (chemical vapor 
deposition ) method, there is an effectthat recess of molded 
surface application formation is easy incomparison with 
opening being deep. 

Is fact that contact resistance and connecting leakage are low 
togetheras condition , but if generally known salicided 
technology which to polycide isconverted to self-aligning on 
contact aspect is adopted, there is aneffect that it can lower 
contact resistance , to step simple. 

aluminum mass production not be able to apply CVD 
(chemical vapor deposition ) method generally ,sti 11 there is a 
experiment step . 

Therefore, in formation of aluminum alloy film to pure 
aluminum film , fact that sputtering method isadopted mostly 
being, while effect in point where electrical conductivity 
ishigh is considerable, there is a shortcoming that it is difficult 
to imbedto recess . 



Page 25 Paterra® InstantMT® Machine Translation (U.S. Pat. Ser. No. 6,490,548; Pat. Pending Ser. No. 10/367,296) 



JP1998173049A 



1998-6-26 



[0047] 

Sfc\ H 20 (D^iJfcftiT, El 24 <D«fc5lc**/< 

b 24 \t. h 20 ic»«LfcigRWB-e&y . 
■eft*.. 

ZOM 24 lcBfffi4<«**ifcS«l4,H0)*il 

ffi«4<««-C*4c4:lz«i:*. 

H21#BBo 

[0048] 

1 5)*/ <*-->y-r *isi=»*. 



5tr. *>»j=i>3*-^>^h5-f kb i6 affile 

[0049] 

rieoj 7£t-t ? * ■ x^vy )& iCck y E 

Xf>I 15)<Dy^-->^fT5o 
E»IB*m**3 ®rm^y$bfcE^l(D±lz 

IS 16 #»J«**iTl*4©-e. x?*v>MJx£ 

NF3+Ar £3K4tt 300sccm:20sccm £l/CHIl Vfc 

14, *>yu>**5/-*--f h^WKBIi^vy^T^ 



When aluminum material it forms, as metallization layer 
"force fill M with method which iscalled is known as method 
which improves this shortcoming . 

In order for this method to heat aluminum alloy , reflow to do 
under the pressurization condition it is something which 
improves application shape of the film . 

Because simultaneously, aluminum material , when to single 
crystal it converts, hasbeen known also that it becomes strong 
in migration , if single crystal aluminum canbe formed with 
force fill , high electrical conductivity and satisfactory 
application shape it becomes both achievements possible. 

[0047] 

Furthermore, replacing to example of Figure 20 , like Figure 
24 itcan also take just region of capacitor cell largely. 

As for Figure 24 , with step explanatory diagram which 
corresponds to Figure 20 , attaching with in the diagram , same 
number as for those which it showsit is same material . 

Because as for device where cross section is shown in this 
Figure 24 , the capacitor cell which is position of right side in 
figure simply on gate electrode of one overlap has made on 
also gate electrode two of both sides of the region which 
provides window overlap it has done not to Derestricted, to be 
able to guarantee, it means a wider cell surface product. 

Figure 21 reference. 

[0048] 

Consequently, it moves to step which patterning does 
theaforementioned wiring layer (titanium film 13, titanium 
nitride film 14, tungsten film 15 ) which it was applied was 
formed to entire surface . 

First, photoresist entire surface coating formation is done in 
silicon oxy nitride film 16surface . 

Next, following to conventional photolithography patterning 
method , exposing and developing, it leaves the photoresist 
pattern just on bit line contact hole periphery of drawing left 
side . 

[0049] 

It uses this photoresist pattern as mask , it does patterning of 
wiring layer (titanium film 13, titanium nitride film 14, 
tungsten film 15 ) with RIE (reactive * ion * etching ) 
method. 

wiring layer material being 3 layers , to differ, because 
furthermore as antireflective film silicon oxy nitride film 16 is 
formed on metallization layer , it is necessary to modify 
etchant gas every time if, but it uses for example NF3+Ar as 
flow ratio 300sccm :20sccm silicon oxy nitride film and the 
tungsten film patterning is possible at a stroke. 
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[0051] 
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tungsten film patterning is possible at a stroke. 

In addition, if it uses C12 lOOsccm as gas titanium nitride film 
and titanium film patterning is possible at a stroke. 

As other condition , RF power 400W, pressure lOOmTorr . 

Figure 22 reference. 
[0050] 

Description above 3 -layer structure wiring layer , bit line 
contact section of bottom (With left side on figure site which 
is been connected to the silicon wafer 1 and electrical through 
opening ) with connecting to electrical , as bit line wiring 
layer means with to bear the role . 

When this metallization step ends, next it moves to interlayer 
insulating film formation process . 

Concretely, it applies forms new BPSG (boro * phospho * 
silicate * glass ) film 83 which covers bit line wiring layer 
surface and BPSG (boro * phospho * silicate * glass ) film 
82entire surface with CVD (chemical vapor deposition ) 
method. 

thickness 8000 $, heating, reflow does surface . 

In this step , replacing to BPSG film , it is possible also to use 
the HDP-SiO ( [haidenshitii ] *plasma silicon oxide ) film . 

If HDP-SiO can be used, it is profitable in point below. 

Like namely, BPSG film , because necessity to add high 
temperature formation process midway isgone, it can hold 
down thermal stress markedly. 

l;mu m it adds HDP-SiOfilm , plasma oxidized film 7000* it 
applies forms. 

Until 8000$ it remains on metallization , CMP 
(chemomechanical polishing ) etchback is donefrom after this 
and on these insulating film . 

In addition, like HDP-SiOF ( [haidenshitii ] *plasma silicon 
oxy fluoride ) film , also it is good to add fluorine to 
[haidenshitii ] film . 

In case of this , because dielectric constant of film becomes 
high,efTect is high in decrease of generally known crosstalk 
(mutual interference ) in the interlayer of metallization and 
other metallization in addition to effect ofabove-mentioned 
HDP-SiOfilm . 

[0051] 

After this , forming wiring layer , it moves to step which the 
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aperture does contact hole (unshown ) in order to connect 
with bottom layer wiring layer . 

It should have done patterning with conventional 
photolithography step which uses photoresist as mask . 

As for etching of interlayer insulating film , using this mask , 
with RIE (reactive * ion * etching )which uses CF4+CHF 
3+Ar with flow ratio 20sccm :14sccm :425sccm . 



[0052] 

In this way, inside contact hole which it is possible and to 
BPSG film 83 (to HDP-SiOfilm ) surface which planarization 
is done, top layer wiring layer material entire surface it 
applies forms. 

First titanium nitride film of 500$ (TiN film ) it applies forms 
17 with CVD (chemical vapor deposition )method. 

Next, repeating to this TiN film 17, tungsten film of 
3000$ (W film ) it appliesforms 1 8 with CVD method . 

These 2 layers which entire surface it was applied were 
formed are donefol lowing to conventional photolithography 
patterning step , with photoresist pattern as mask patterning . 

It does patterning with RIE (reactive * ion * etching ) method, 
but when etchant gas is modifiedin each every layer, 
following gas can be used. 

Vis-a-vis etching of namely, tungsten (W ) film CI2 lOOsccm 
is used making useof NF3+Ar (flow ratio 300sccm :20sccm ), 
in addition vis-a-vis etching of titanium nitride (TiN ) film . 

RF power 400 W, pressure lOOmTorr . 

In this way, in order to cover also laminated film pattern of 
titanium nitride (TiN ) /tungsten (W ) which it is possible, 
anew entire surface it applies forms BPSG film 84. 

Heating because of surface planarization , reflow it does 
BPSG film 84. 

Also this BPSG film 84 can replace with HDP-SiOfilm , at 
that case effect addingwith low temperature formation, is 
acquired. 

When HDP-SiOfilm is used, applying and forming sufficient 
thickness , it should havedone CMP (chemomechanical 
polishing ) etchback to desired film thickness . 

[0053] 

Next, this BPSG film (to HDP-SiOfilm ) contact hole is 
provided in 84. 

method which is similar to formation process of contact hole 
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which is providedinside above-mentioned BPSG film 83 
should have been taken. 

However, metallization material which it is applied is formed 
to topmost layer becausewith later mentioned aluminum alloy 
film , above being formed with sputtering , the coverage 
(sheath shape ) inside contact hole is not satisfactory, devising 
shape itself of contact hole for coverage improvement is 
necessary. 

method of this hole shape improvement is, as disclosed in 
Japan Unexamined Patent Publication Showa 
56-90525disclosure . 

When method of this disclosure disclosure is adopted, 
concerning isotropy etching step with mixed solution of 
hydrogen fluoride ammonium +ammonium fluoride with RIE 
(reactive * ion * etching ) which uses CF4+CHF 3+Ar (flow 
ratio I9sccm :24sccm :83sccm )concerning wet etching , 
anisotropic etching step . 



[0054] 

Furthermore, this BPSG film (to HDP-SiOfilm ) sputtering it 
forms unshown aluminum metallization material in 84 surface 
andit makes wiring layer of topmost layer by fact that 
patterning it does. 

As for aluminum wiring layer , those which include l% 
silicon to aluminum . migration or other seriousness such as 
aluminum * silicon * copper following, as needed it should 
haveused. 

[0055] 

Or more, in metallization step of DRAM , especially, bit line 
contact metallization (left side of drawing ) with is 
embodiment of this invention when capacitor electrode (right 
side of drawing ) is formed with same step . 

By way, this invention is something which can be applied to 
all theother microscopic semiconductor device without being 
limited in production step of DRAM above. 

application such as for example flash memory and logic 
device , processor is not limited. 

In addition, with embodiment of production step above, 
picking up aperture of contact hole which overlap is done 
vis-a-vis monolayer gate electrode , it isexplanatory, but 
contact hole being bottom , overlap doing may be the 
multilayer gate electrode . 

In addition, it is good even with step which wiring layer to 
other insulating property material which contacts substrate 
surface immediately makes. 

[0056] 
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[Effects of the Invention] 

According to this invention , inside integrated circuit (IC , 
LSI ) or other semiconductor device , introducing the 
impurity , in order to connect active region and other active 
region which areformed when contact window for electrode 
formation which is provided positively the overlap 
designating bottom layer conductive layer and window as 
self-aligning , configuration itdoes, there is an effect that 
electrical contact where reliability is highbecomes possible. 

[0057] 

When in detail, overlap designating bottom layer conductive 
layer as position of the window , way when it does, in spite of 
step of window lower whichit occurs, removing also etching 
residue cleanly to expose active layer to wiring layer of 
substrate securely, it is possible, coating formation does 
wiring layer material simultaneously inside window , It does 
not cause or other problem which thin only is formed to 
localized ,has and it can offer method which can do electrical 
contact of assured substrate active layer to wiring layer . 

[Brief Explanation of the Drawing(s)] 

[Figure 1] 

Halfway sectional view which shows first principle step of 
this invention 

[Figure 2] 

Halfway sectional view which shows second principle step of 
this invention 

[Figure 3] 

Halfway sectional view which shows principle step of third of 
this invention 

[Figure 4] 

Halfway sectional view which shows principle step of 4 th of 
this invention 

[Figures] 

Halfway sectional view which shows principle step of 5 th of 
this invention 

[Figure 6] 

Halfway sectional view which shows principle step of 6 th of 
this invention 

[Figure 7] 

Halfway sectional view which shows principle step of 7 th of 
this invention 



[Figure 8] 
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Halfway sectional view which shows principle step of 8 th of 
this invention 

[Figure 9] 

Halfway sectional view which shows principle step of 9 th of 
this invention 

[Figure 10] 

Halfway sectional view which shows principle step of 10 th of 
this invention 

[Figure II] 

Halfway sectional view which shows principle step of 1 1 th of 
this invention 

[Figure 12] 

Halfway sectional view which shows principle step of 12 th of 
this invention 

[Figure 13] 

Halfway sectional view which shows principle step of 13 th of 
this invention 

[Figure 14] 

Halfway sectional view which shows principle step of 14 th of 
this invention 

[Figure 15] 

Halfway sectional view which shows principle step of 1 5 th of 
this invention 

[Figure 16] 

Halfway sectional view which shows principle step of 16 th of 
this invention 

[Figure 17] 

Halfway sectional view which shows principle step of 17 th of 
this invention 

[Figure 18] 

Halfway sectional view which shows principle step of 18 th of 
this invention 

[Figure 19] 

Halfway sectional view which shows principle step of 19 th of 
this invention 

[Figure 20] 

Halfway sectional view which shows principle step of 20 th of 
this invention 

[Figure 21 ] 
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Halfway sectional view which shows principle step of second 
1 of this invention 

[Figure 22 ] 

Halfway sectional view which shows principle step of 22 nd 
of this invention 

[Figure 23 ] 

Halfway sectional view which shows another principle step of 
6 th of this invention 

[Figure 24 ] 

Halfway sectional view which shows another principle step of 
20 th of this invention 

[Figure 25 ] 

Halfway sectional view which shows first problem in Prior 
Art 

[Figure 26 ] 

Halfway sectional view which shows second problem in Prior 
Art 

Each in the diagram , 

As for 1 silicon wafer , 

As for 2 silicon oxide film , 

As for 3 1 polysilicon film , 

As for 32 tungsten silicide film , 

As for 4 high temperature oxidized film (HTOfilm ), 

As for 6 high temperature oxidized film (HTOfilm ), 

As for 6 1 sidewall (HTOfilm ), 

As for 65 high temperature oxidized film (HTOfilm ), 

As for 66 high temperature oxidized film (HTOfilm ), 

As for 7 silicon nitride film , 

As for 8 BPSG film (boro * phospho * silicate * glass film ), 

As for 82 BPSG film (boro * phospho * silicate * glass film ), 

As for 83 BPSG film (boro * phospho * silicate * glass film ), 

As for 84 BPSG film (boro * phospho * silicate * glass film ), 

As for 9 resist pattern , 
As for 92 resist film , 
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Drawings 
[01] 
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As for 93 resist film , 

As for 10 doped amorphous silicon film , 

As for 1 1 NOfilm (nitriding -oxidized film ), 

As for 12 doped amorphous silicon film , 

As for 1 3 titanium film (Ti film ), 

As for 14 titanium nitride film (TiN film ), 

As for 15 tungsten film (W film ), 

As for 16 silicon oxy nitride film (SiONfilm ), as for 17 
titanium nitride film (TiN film ), 

As for 1 8 tungsten film (W film ), 

As for 101 silicon wafer, 

As for 102 silicon oxide film , 

As for 131 polysilicon film , 

As for 132 tungsten silicide film , 

As for 1 14 high temperature oxidized film (HTOfilm ), 

As for 161 sidewall (HTOfilm ), 

As for 165 high temperature oxidized film (HTOfilm ), 

As for 1 17 silicon nitride film , 

As for 1 18 BPSG film (boro * phospho * silicate * glass 
film ), 

As for 1 1 9 resist pattern 
So it is. 

[Figure 1] 
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[Figure 2] 
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[Figure 5] 
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[Figure 8] 
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[Figure 9] 
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[Figure 12] 
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[Figure 13] 
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[Figure 24 ] 
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